endosperms, and in the prosenchymatous bast fibres, bu t is of much wider if not of universal occurrence. A t any rate we were now in a position to get a clearer insight into such phenomena as the downward movement of a sensitive leaf upon stimulation, of the wonderful action of a germ inating embryo on the endosperm cells, even on those which are most rem ote from it, of the action of a tendril towards its support, and of a series of phenomena in connexion with general cell mechanism, which were too numerous to mention, and could not be treated of in his present paper.
S ir Isaac Newton held th a t the radiation of heat from a hot body, increased in arithm etical ratio w ith the difference of temperaturebetween it and the surrounding bodies. This law forms a rough approxim ation to the tru th over a very lim ited range of tem perature. MM. Dulong and P e tit carried out an elaborate experimental research on the rate of cooling of hot bodies by radiation, extending to somewhat higher tem peratures, and deduced from their observa tions the empirical form ula-R ate of cooling =w?(l*0077)'(l* 0 0 7 7 j-* -l).
H ere T is the tem perature of the hot body in degrees Centigrade, t the tem perature of the surrounding1 m atter, and m is a constant depending on the nature of the radiating body. This formula agrees very fairly w ith experim ental results for ordinary temperatures, butr like New ton's law, it has been shown th a t it cannot be applied for a w ider range.
T he anomalous results which New ton's law and the formula of MM. Dulong and P e tit lead to, when applied to the cooling of bodies a t a very high tem perature, are well illustrated by theattem pts a t deducing therefrom the tem perature of the solar photo sphere. W aterston and Pere Secchi (in his work entitled " Le Soleil ") r following N ew ton's hypothesis, obtained 10,000,000° C. as the prob able solar tem perature, and Captain J. Ericsson, on the same hypo thesis bu t assuming other constants, arrived at a tem perature between 2,000,000° and 4,000,000° C. Strangely contrasting w ith these determ inations are those of Pouillet in 1836, and Vicaire in 1872r In m y own investigations on this subject, by com paring th e | spectrum of the sun as regards th e proportion of lum inous rays w ith I those of the electric arc and gas flames, I have a rriv ed a t th e conclusion th a t th e tem perature of th e photosphere does n o t exceed 2800° C., w hich is in close agreem ent w ith th e lim it assigned by M. Sainte-Claire Deville, deduced from th e observations of F ra n k la n d and L ockyer on th e hydrogen lines in th e solar spectrum . S ir W illiam Thomson, in a paper com m unicated to th e P hilosophical Society of Glasgow (1882), has com pared th e pow er of th e su n 's rad iatio n p er unit of surface w ith th a t of a Sw an incandescent carbon filam ent, an d has shown th a t it is about sixty-seven tim es g r e a te r ; he concludes from these data th a t th e estim ate I h a d form ed of th e solar tem p eratu re, -i.e., nearly 3000° C., cannot be v ery fa r from th e tru e value* These diverse an d in d irect resu lts have long im pressed m e w ith th e need of fu rth e r experim ental in vestigation of th e dependence of ra d ia tion on te m p e ra tu re ; and i t has occurred to m e lately, th a t th e diffi culties w ith w hich D ulong and P e tit h ad to contend in m aking th e ir m easurem ents by m eans of a m ercurial therm om eter, w here th e losses due to conduction and convection are very g rea t, a n d exceedingly difficult to determ ine, m ig h t be avoided in ad opting a m eth o d o f conducting th e experim ent w hich form s th e principal subject of m y present com m unication.
I t is w ell know n th a t th e m easurem ent of electrical c u rre n ts a n d resistance is susceptible of very g re a t accuracy com pared w ith all therm al m ea su rem e n ts; hence m y endeavour has been to estim ate therm al effects en tirely by electrical m ethods. I n th e B ak erian Lecture for 1871, w hich I h ad th e h o n o u r of delivering before th e Royal Society ( " Proc. Roy. Soc., " vol. 19, p. 443) , I showed th a t th e resistance of a p latinum wire can be expressed as a linear fu nction of its tem perature by an em pirical form ula, th e constants of w hich m ust be determ ined for each in d ividual w ire ; hence conversely, i f resistance of a w ire previously calibrated is m easured, its tem p eratu re can be deduced. P rom th eoretical considerations I showed th a t ---aT1 ■+• /3T -f-<y ro m ight be expected to rep resen t th e relation betw een th e resistan ce and absolute tem perature. T his form ula agreed closely w ith m y own experim ental results fo r platinum , copper, silver, iron, and alum inium wires ( " Journal of th e Society of T elegraph E ngineers and E lec-1 [Apr. 26, tricians," vol. i, p. 123, and vol. iii, p. 297) , and lias since been verified by Professor A. W einhold in the case of platinum from 100° to 1000° C. (" Annalen der Physik und Chemie," 1873, p. 225),
The apparatus which I propose for determining the dependence of radiation on tem perature consists of a platinum or other wire, O'76 millim. in diameter, suspended between two binding screws, marked (A ) and (B ) on the diagram , carried on two suitable wooden stands. The binding screws are connected through an electro-dynamometer (D ), for the purpose of m easuring the current, to a secondary battery, D iagram show ing arran g em en t of experim ent.
th e num ber of cells in which can be varied. A high resistance galvanom eter (G ) is also inserted between the binding screws as a sh u n t to the platinum wire.
The electro-dynam om eter is of the ordinary form, in which the current passes through a fixed coil, and a movable coil consisting of a single tw ist, hung by a torsion spring in a vertical plane at rig h t singles to th e plane of the fixed coil. The couple due to the current is balanced by th e torsion of the spring, hence the angle of torsion is proportional to th e square of the current. The current through the high resistance galvanom eter being a measure of the difference of potential between the extrem ities of the platinum wire, the reading of the galvanometer, divided by the m ain current as determined by +he electro-dynamometer, is proportional to the resistance of the wire. Hence the constant of the instrum ent and the resistance of the gal vanometer being known, the resistance of the platinum wire could he calculated, as the current was varied by altering the num ber of cellŝ T C m L t u L m t n t e were made in all cases when equilibrium had been established between the radiation and the energy of the current, *s evinced by the constancy of the readings of th e electro-dynamo meter and galvanometer.
, . Having made a rough prelim inary series of experim ents to test the suitability of the m ethod and apparatus, w ith satisfactory results, on April 17th I made a second series, the results of which are recorded in Table I . Column I gives the current in am peres passing through the w ire; column I I the difference of potential m volts between the term inals as deduced from the readings of the galvano meter; column I I I the rate a t which the energy of the current was converted into radiant energy, represented by the product of the electromotive force and current, and therefore measured m voltamperes or w atts ; column IY the resistance of the wire, being the ratio of the electromotive force to the c u rre n t; column V the corre sponding tem perature of the wire in degrees Centigrade. Finally, column V I describes the condition of the wire as apparent to the eye. On April 18th, three fu rth er series of experiments were made, the results of which are set fo rth in a sim ilar m anner in Tables II, I I I , and IY . N o t e.-T he tem p eratu re s corresponding to th e yery sm all cu rren ts are n o t given, as fo r very sm all deflections th e electro-dynam om eter readings could n o t be regarded as perfectly tru stw o rth y . T he results given in the four tables are plotted ou t on th e curve m arked (A ). The abscissae give the ra te a t which the energy of the ■current is converted into heat, and th e ordinates th e corresponding resistance of th e wire.
To determ ine th e tem perature of th e w ire corresponding to each resistance, an o th er series of experim ents was made, which are •described hereafter. The values of a, (3, and 7 obtained werea = 0 *0119 "| /3 = 0 -00112 V 7 = 0 -512 J hence ^= -0 1 1 9 T » + '0 0 1 1 2 T + '512; w here r0 is th e resistance of th e wire a t the freezing point. By giving to T various values in th is form ula, a curve can be constructed show ing th e relation betw een th e resistance and absolute tem perature. S uch a curve was draw n, and approxim ated fo r h ig h tem peratures to a stra ig h t line, as evidently m u st be th e case from th e form of the for the m axim um value of --[ . r° ' •observed, it was found th a t the tem perature of th e w ire w hen bright red h o t was about 1100° C. I t is know n th a t platinum wire m elts a t approxim ately 1800° C.
T he curve of relation betw een the tem perature of the w ire and the 
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electrical energy absorbed can now be constructed. T ak in g th e absciss® of the curve proportional to th e w atts absorbed, and th e ordinates proportional to the tem peratures in degrees C entigrade, th e dotted curve m arked B represents the relation betw een th e pow er and the tem perature for the results given in th e tables. I have sought to express th is relation by an em pirical form ula in order to carry th e curve to still higher tem peratures. ," vol. 20, p. 90, 1872) . Professor Jam es D ew ar, from experim ents ex ten d in g from a tem perature of 80° to th e boiling points of su lp h u r a n d m ercury, also deduces a parabolic form ula. ( " Proceedings of th e R oyal I n s titu tion," vol. 9, p. 266.) M aking use of th e equation I have given, th e ra te of energy absorbed for a tem p eratu re of 2780° C., is 155,000 w atts, or sixtyseven tim es th e ra te of absorption a t a tem perature of 1670° C. Since 1670° C. is n o t m uch below the tem p eratu re of an incandescent filament (rev ertin g to S ir W illiam T hom son's calculation for th e ratio of the ra d ia n t pow er per u n it of surface of th e sun to th a t of th e incandescent filam ent), th e tem perature of th e sun comes ou t to be about 2780°; w hich is in very close agreem ent w ith m y form er estimate based on other grounds. The effect of absorption betw een the sun and the earth w ould b rin g the tw o estim ates into still closer agreement.
If we attem p t to form a na tu ra l equation to th e curve, it is a p p aren t th a t it will consist of tw o term s-(i.) The term due to radiation, (ii.) The term depending on th e convection and conduction of th e air. The conduction of h eat by the w ire into the term inals m ay be neglected, as by ta k in g a considerable len g th it becomes a sm all quantity of the second order. The first term I tak e to be proportional to some power of the absolute temperature, the second present be represented by mF(i). Hence we haveSir W. Siemens.
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Rate of conversion of energy= ATre+ mF (t) .
According to Prevost's theory of exchanges, the hot body is itself receiving radiant energy from the surrounding bodies; hence the radiant energy is more appropriately represented by A (T "-*») where t is the tem perature of the surrounding bodies. Similarly it would appear probable th a t the conduction and convection will depend on th e difference of tem perature. Hence Rate of energy= A (Tratu) + mF ( T The constants A and m will depend on the body and on the surrounding medium. Although for theoretical purposes it is im portant to eliminate the -conduction and convection, yet in most cases a medium is present and it has been shown by Mr. Crookes that, w ithin limits, variations in pressure have only a very small efEect on the amount of heat lost by -conduction and convection.
I have not as yet been able to make any experiments on the deter m ination of the term m P (T -t), but it is my intention to make further investigations on this point. I am indebted to Professor Stokes for suggesting a method which appears to me likely to yield useful results. H e proposes to construct a chimney of white paper, and to fix it over th e wire through which the current is passing. The chimney will •collect all the heated air ascending by convection, and by suitable means its tem perature and the rate of flow can be measured, and hence the rate of loss of heat by convection estimated.
I t m ight be supposed th at conducting the experiment in vacuo would diminish the convection. According to the original researches ui* D along and P etit, the rate of cooling diminished in a geometrical progression, whose ratio was ja s the pressure diminished in a .second geometrical progression, of which the ratio was Mr. 2 •Crookes, in a paper communicated to the Royal Society ( " Proc. Roy. Soc., ' 1880, vol. 31, p. 239) described some experiments on this point, and showed th a t a diminution of pressure from 760 millims. to 120 millims. had a very slight effect on the convection. From 120 to millims. the effect was somewhat more marked. A reduction of pressure from 5 millims. to 2 millims., however, produced twice as much fall in the rate of cooling as the whole exhaustion from ■760 miliims. to 1 millim. Hence to eliminate the effect of convection • a very high exhaustion m ust be obtained.
I t still remains to describe the experiments by which the constants * r/ of the empirical form ula connecting the resistance of the wire *'. f ' L absolute tem perature were determined. The wire was enclosed r^g l a s s tube, stopped at either end w ith a plug, through which t e ^ire passed centrally. The tube was fixed in a m etallic trough, w ith an aperture in its cover sufficiently large to adm it a m ercurial therm o ^e te r placed in contact w ith the tube. In the first instance, the trough was filled w ith m elting ice, and the resistance of the wire measured by a W heatstone bridge. The ice was th e n removed, and " o Bunsen burners were placed below the trough, and the tem pera ture gradually raised by increasing the pressure of the gas m the bUIn ethis way a series of simultaneous observations were made of the tem perature of the wire and its corresponding resistance up to 100 O. The results are given in the subjoined table. Care was taken a t each reading th a t the therm om eter had become stationary, and really represented the tem perature of the wire. A second series of observa tions were taken as the wire cooled from 100° to zero ; and the results are likewise given in the F o r the reduction of the 26 equations obtained from these obser vations, the m ethod of least squares was employed, giving * = 0 *0119 /3=0* 00112 7 = 0 *512
The following are the results in substituting for the platinum a wire of platinum w ith 20 per cent, of iridium. 
